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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

PIC

16-Bit

32MHz

12C, IrDA, SPI, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
18
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FLASH

512 x8

1.5Kx 8

1.8V ~ 3.6V

A/D 9x10b

Internal

-40°C ~ 125°C (TA)

Surface Mount

20-SOIC (0.295", 7.50mm Width)
20-S0IC
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PIC24F16KA102 FAMILY

Pin Diagrams

20-Pin PDIP, SSOP, SOIC®

Note 1:
2:

MCLRNVePRAS []1 ~— 20[] Voo
PGC2/ANO/VREF+/CN2/RAOD [ 2 19[] Vss
PGD2/AN1/VREF-/CN3/RA1 [] 3 8 18 [] REFO/SS1/T2CK/T3CK/CN11/RB15
PGD1/AN2/C1IND/C2INB/U2TX/CN4/RBO []4 X 17 [] AN10/CVREF/RTCC/SDI1/OCFA/C1OUT/INT1/CN12/RB14
PGC1/AN3/C1INC/C2INA/U2RX/CN5/RB1 [ 5 ;ﬁ 16 ] AN11/SDO1/CTPLS/CN13/RB13
UIRX/CNB/RB2 []6 > 157 AN12/HLVDIN/SCK1/CTED2/CN14/RB12
OSCI/CLKI/AN4/C1INB/C2IND/CN30/RA2 [|7 X 14 [] OC1/IC1/C20UT/INT2/CTED1/CN8/RAG
OSCO/CLKO/ANS/C1INA/C2INC/CN29/RA3 []8 o 13 [] UTRTS/U1BCLK/SDA1/CN21/RBY
PGD3/SOSCI/U2RTS/U2BCLK/ICN1/RB4 []9 &  12[] UTCTS/SCL1/CN22/RBS8
PGC3/SOSCO/T1CK/U2CTS/ICNO/RA4 []10 & 11[] U1TX/INTO/CN23/RB7
28-Pin SPDIP, SSOP, sOIC®
MCLR/VerIRAS C]1 ~— 28[7 Voo
ANO/VREF+/CN2/RAO [ 2 27[] Vss
AN1/VREF-/CN3/RAT [] 3 26 [] REFO/SS1/T2CK/T3CK/CN11/RB15
PGD1/AN2/C1IND/C2INB/U2TX/CN4/RBO []4 & 25[7] AN10/CVREF/RTCC/OCFA/C10UT/INT1/CN12/RB14
PGC1/AN3/C1INC/C2INA/U2RX/CN5/RB1 []5 X 24 [ AN11/SDO1/CTPLS/CN13/RB13
AN4/C1INB/C2IND/U1RX/CN6/RB2 [|6 § 23[] AN12/HLVDIN/CTED2/CN14/RB12
ANS5/C1INA/C2INC/CN7/RB3 []7 X 22[] PGC2/SCK1/CN15/RB11
vss []8 X 21[] PGD2/SDI1/PMD2/CN16/RB10
OSCI/CLKIICN30/RA2 []9 < 20[] OC1/C20UT/INT2/CTED1/CN8/RAG
OSCO/CLKO/CN29/RA3 []10 {197 IC1/CN9/RAT
SOSCI/U2RTS/U2BCLK/ICN1/RB4 []11 &  18[] UTRTS/U1BCLK/SDA1/CN21/RB9
SOSCO/T1CK/U2CTS/CNO/RA4 [ 12 17 ] U1CTS/SCL1/CN22/RB8
voo [ 13 16 [ U1TX/INTO/CN23/RB7
PGD3/SDA1W/CN27/RB5 [ 14 15[ PGC3/SCL1Y/CN24/RB6

Alternative multiplexing for SDA1 and SCL1 when the I2CSEL Configuration bit is set.
All device pins have a maximum voltage of 3.6V and are not 5V tolerant.
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PIC24F16KA102 FAMILY

The internal oscillator block also provides a stable
reference source for the Fail-Safe Clock Monitor
(FSCM). This option constantly monitors the main clock
source against a reference signal provided by the
internal oscillator and enables the controller to switch to
the internal oscillator, allowing for continued low-speed
operation or a safe application shutdown.

1.1.4 EASY MIGRATION

Regardless of the memory size, all the devices share
the same rich set of peripherals, allowing for a smooth
migration path as applications grow and evolve.

The consistent pinout scheme used throughout the
entire family also helps in migrating to the next larger
device. This is true when moving between devices with
the same pin count, or even jumping from 20-pin to
28-pin devices.

The PIC24F family is pin compatible with devices in the
dsPIC33 family, and shares some compatibility with the
pinout schema for PIC18 and dsPIC30. This extends
the ability of applications to grow from the relatively
simple, to the powerful and complex.

1.2 Other Special Features

* Communications: The PIC24F16KA102 family
incorporates a range of serial communication
peripherals to handle a range of application
requirements. There is an 12C™ module that
supports both the Master and Slave modes of
operation. It also comprises UARTSs with built-in
IrDA® encoders/decoders and an SPI module.

* Real-Time Clock/Calendar: This module
implements a full-featured clock and calendar with
alarm functions in hardware, freeing up timer
resources and program memory space for use of
the core application.

« 10-Bit A/D Converter: This module incorporates
programmable acquisition time, allowing for a
channel to be selected and a conversion to be
initiated without waiting for a sampling period, and
faster sampling speed. The 16-deep result buffer
can be used either in Sleep to reduce power, or in
Active mode to improve throughput.

* Charge Time Measurement Unit (CTMU)
Interface: The PIC24F16KA102 family includes
the new CTMU interface module, which can be
used for capacitive touch sensing, proximity
sensing and also for precision time measurement
and pulse generation.

1.3 Details on Individual Family
Members

Devices in the PIC24F16KA102 family are available in
20-pin and 28-pin packages. The general block
diagram for all devices is displayed in Figure 1-1.

The devices are different from each other in two ways:

1. Flash program memory (8 Kbytes for
PIC24F08KA devices, 16 Kbytes for PIC24F 16KA
devices).

2. Available I/O pins and ports (18 pins on two
ports for 20-pin devices and 24 pins on two ports
for 28-pin devices).

3. Alternate SCLx and SDAXx pins are available
only in 28-pin devices and not in 20-pin devices.

All other features for devices in this family are identical;
these are summarized in Table 1-1.

A list of the pin features available on the
PIC24F16KA102 family devices, sorted by function, is
provided in Table 1-2.

Note:  Table 1-1 provides the pin location of
individual peripheral features and not how
they are multiplexed on the same pin. This
information is provided in the pinout
diagrams on pages 4, 5 and 6 of the data
sheet. Multiplexed features are sorted by
the priority given to a feature, with the
highest priority peripheral being listed
first.
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PIC24F16KA102 FAMILY

FIGURE 1-1: PIC24F16KA102 FAMILY GENERAL BLOCK DIAGRAM
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Note 1: All pins or features are not implemented on all device pinout configurations. See Table 1-2 for I/O port pin
descriptions.
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TABLE 1-2: PIC24F16KA102 FAMILY PINOUT DESCRIPTIONS
Pin Number
Function PDIZIS/-SPISnOP/ 20-Pin éliDPIIIQ/ 28-Pin 110 ér:ﬁ]?;r Description
SoIc QFN SSOP/SOIC QFN

ANO 2 19 2 27 | ANA | A/D Analog Inputs

AN1 3 20 3 28 | ANA

AN2 4 4 | ANA

AN3 5 2 5 2 | ANA

AN4 7 4 6 3 | ANA

AN5 8 5 7 4 | ANA

AN10 17 14 25 22 | ANA

AN11 16 13 24 21 | ANA

AN12 15 12 23 20 | ANA

U1BCLK 13 10 18 15 o} — UART1 IrDA® Baud Clock

U2BCLK 9 6 11 8 o} — UART2 IrDA Baud Clock

C1INA 8 5 7 4 | ANA | Comparator 1 Input A (Positive Input)

C1INB 7 4 6 3 | ANA | Comparator 1 Input B (Negative Input Option 1)
C1INC 5 2 5 2 | ANA | Comparator Input C (Negative Input Option 2)
C1IND 4 1 4 1 | ANA | Comparator Input D (Negative Input Option 3)
C10UT 17 14 25 22 (0] — Comparator 1 Output

C2INA 5 2 5 2 | ANA | Comparator 2 Input A (Positive Input)

C2INB 4 1 4 1 | ANA | Comparator 2 Input B (Negative Input Option 1)
C2INC 8 5 7 4 | ANA | Comparator 2 Input C (Negative Input Option 2)
C2IND 7 4 6 3 | ANA | Comparator 2 Input D (Negative Input Option 3)
C20UT 14 1 20 17 (0] — Comparator 2 Output

CLKI 7 4 9 6 | ANA | Main Clock Input Connection

CLKO 8 5 10 7 O — System Clock Output

Legend: ST = Schmitt Trigger input buffer, ANA = Analog level input/output, I2C™ = I2C/SMBus input buffer

Note 1:

Alternative multiplexing when the 12C1SEL Configuration bit is cleared.

© 2008-2011 Microchip Technology Inc.
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2.6 External Oscillator Pins

Many microcontrollers have options for at least two
oscillators: a high-frequency primary oscillator and a
low-frequency  secondary oscillator (refer to
Section 9.0 “Oscillator Configuration” for details).

The oscillator circuit should be placed on the same
side of the board as the device. Place the oscillator
circuit close to the respective oscillator pins with no
more than 0.5inch (12 mm) between the circuit
components and the pins. The load capacitors should
be placed next to the oscillator itself, on the same side
of the board.

Use a grounded copper pour around the oscillator cir-
cuit to isolate it from surrounding circuits. The
grounded copper pour should be routed directly to the
MCU ground. Do not run any signal traces or power
traces inside the ground pour. Also, if using a two-sided
board, avoid any traces on the other side of the board
where the crystal is placed.

Layout suggestions are shown in Figure 2-5. In-line
packages may be handled with a single-sided layout
that completely encompasses the oscillator pins. With
fine-pitch packages, it is not always possible to com-
pletely surround the pins and components. A suitable
solution is to tie the broken guard sections to a mirrored
ground layer. In all cases, the guard trace(s) must be
returned to ground.

In planning the application’s routing and 1/O assign-
ments, ensure that adjacent port pins and other
signals, in close proximity to the oscillator, are benign
(i.e., free of high frequencies, short rise and fall times,
and other similar noise).

For additional information and design guidance on
oscillator circuits, please refer to these Microchip
Application Notes, available at the corporate web site
(www.microchip.com):

* ANB826, “Crystal Oscillator Basics and Crystal
Selection for rfPIC™ and PICmicro® Devices”

« ANS849, “Basic PICmicro® Oscillator Design”

« AN943, “Practical PICmicro® Oscillator Analysis
and Design”

* AN949, “Making Your Oscillator Work”

2.7 Unused 1/Os

Unused I/O pins should be configured as outputs and
driven to a logic low state. Alternatively, connect a 1 kQ
to 10 kQ resistor to Vss on unused pins and drive the
output to logic low.

FIGURE 2-5: SUGGESTED PLACEMENT
OF THE OSCILLATOR

CIRCUIT

Single-Sided and In-Line Layouts:
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TABLE 4-20: CLOCK CONTROL REGISTER MAP
File Name | Addr | Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Rezltlats
RCON 0740 | TRAPR | IOPUWR | SBOREN — — DPSLP — PMSLP EXTR SWR |[SWDTEN| WDTO SLEEP IDLE BOR POR |[(Note 1)
OSCCON 0742 — COSC2 | COSC1 | cosco — NOSC2 | NOSC1 | NOSCO | CLKLOCK = LOCK — CF — SOSCEN | OSWEN |(Note 2)
CLKDIV 0744 ROI DOZE2 | DOZE1 DOZEO | DOZEN | RCDIV2 | RCDIV1 | RCDIVO — — — — — — — — 3140
OSCTUN 0748 — — — — — — — — — — TUN5 TUN4 TUN3 TUN2 TUN1 TUNO 0000
REFOCON 074E | ROEN — ROSSLP | ROSEL | RODIV3 | RODIV2 | RODIV1 | RODIVO — — — — — — — — 0000
HLVDCON 0756 | HLVDEN — HLSIDL — — — — — VDIR BGVST IRVST — HLVDL3 | HLVDL2 | HLVDL1 | HLVDLO | 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1:  RCON register Reset values are dependent on the type of Reset.
2:  OSCCON register Reset values are dependent on configuration fuses and by type of Reset.
TABLE 4-21: DEEP SLEEP REGISTER MAP
File Name| Addr Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 ResAeItls(l)
DSCON 0758 DSEN — — — — — — — — — — — — — DSBOR |RELEASE| 0000
DSWAKE | 075A — — — — — — — DSINTO | DSFLT — — DSWDT | DSRTCC | DSMCLR — DSPOR 0000
DSGPRO 075C Deep Sleep General Purpose Register 0 0000
DSGPR1 075E Deep Sleep General Purpose Register 1 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1:  The Deep Sleep registers are only reset on a VDD POR event.
TABLE 4-22: NVM REGISTER MAP
File Name | Addr | Bit15 | Bit14 Bit 13 Bit 12 Bit 11 | Bit 10 Bit9 Bit 8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Reélclets
NVMCON | 0760 WR | WREN | WRERR | PGMONLY | — — — — — ERASE NVMOP5 | NVMOP4 | NVMOP3 | NVMOP2 | NVMOP1 | NVMOPO | 0000
NVMKEY | 0766 — — — — — — — — NVMKEY7| NVMKEY6 [NVMKEY5|NVMKEY4|NVMKEY3|[NVMKEY2|[NVMKEY1|NVMKEYO| 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: Reset value shown is for POR only. Value on other Reset states is dependent on the state of memory write or erase operations at the time of Reset.
TABLE 4-23: PMD REGISTER MAP
File Name | Addr | Bit15 | Bit 14 | Bit13 | Bit 12 | Bit11 | Bit 10 Bit 9 Bit 8 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 All Resets
PMD1 0770 — — T3MD | T2MD | TIMD — — — 12C1MD U2MD U1MD — SPIMMD — — ADC1MD 0000
PMD2 0772 — — — — — — — IC1MD — — — — — — — OC1MD 0000
PMD3 0774 — — — — — | CMPMD | RTCCMD — CRCPMD — — — — — — — 0000
PMD4 0776 — — — — — — — — — — — EEMD REFOMD | CTMUMD | HLVDMD — 0000

Legend: — = unimplemented,

read as ‘0’. Reset values are shown in hexadecimal.
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5.0 FLASH PROGRAM MEMORY

Note:  This data sheet summarizes the features of
this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information on Flash Pro-
gramming, refer to the “PIC24F Family
Reference Manual”, Section 4. “Program

Memory” (DS39715).

The PIC24FJ64GA family of devices contains internal
Flash program memory for storing and executing appli-
cation code. The memory is readable, writable and
erasable when operating with VDD over 1.8V.

Flash memory can be programmed in three ways:

¢ In-Circuit Serial Programming™ (ICSP™)
* Run-Time Self-Programming (RTSP)

» Enhanced In-Circuit Serial Programming
(Enhanced ICSP)

ICSP allows a PIC24F16KA102 device to be serially
programmed while in the end application circuit. This is
simply done with two lines for the programming clock
and programming data (which are named PGCx and
PGDx, respectively), and three other lines for power
(VDD), ground (Vss) and Master Clear/Program Mode
Entry Voltage (MCLR/VPP). This allows customers to
manufacture boards with unprogrammed devices and
then program the microcontroller just before shipping
the product. This also allows the most recent firmware
or custom firmware to be programmed.

Real-Time Self-Programming (RTSP) is accomplished
using TBLRD (table read) and TBLWI (table write)
instructions. With RTSP, the user may write program
memory data in blocks of 32 instructions (96 bytes) at a
time, and erase program memory in blocks of 32, 64 and
128 instructions (96,192 and 384 bytes) at a time.

The NVMOP<1:0> (NVMCON<1:0>) bits decide the
erase block size.

51 Table Instructions and Flash

Programming

Regardless of the method used, Flash memory
programming is done with the table read and write
instructions. These allow direct read and write access to
the program memory space from the data memory while
the device is in normal operating mode. The 24-bit target
address in the program memory is formed using the
TBLPAG<7:0> bits and the Effective Address (EA) from
a W register, specified in the table instruction, as
depicted in Figure 5-1.

The TBLRDL and the TBLWIL instructions are used to
read or write to bits<15:0> of program memory.
TBLRDL and TBLWIL can access program memory in
both Word and Byte modes.

The TBLRDHand TBLWIHinstructions are used to read
or write to bits<23:16> of program memory. TBLRDH
and TBLWI'H can also access program memory in Word
or Byte mode.

FIGURE 5-1: ADDRESSING FOR TABLE REGISTERS
ol 24 Bits bt
Using VT N
Program | 0 | Program Counter | 0 l
Counter |
| I
| ' ||
| ! |
| | |
| | Working Reg EA | |
Using l l
1/0 TBLPAG Reg
Table B ||
Instruction | | 8 Bits [ 16 Bits |'|
(A 4
B Y 1N
User/Configuration Byte
Space Select ! 24-Bit EA | Select
| [

© 2008-2011 Microchip Technology Inc.
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7.1 Clock Source Selection at Reset

If clock switching is enabled, the system clock source at
device Reset is chosen, as shown in Table 7-2. If clock
switching is disabled, the system clock source is always
selected according to the oscillator Configuration bits.
Refer to Section 9.0 “Oscillator Configuration” for
further details.

7.2 Device Reset Times

The Reset times for various types of device Reset are
summarized in Table 7-3. Note that the system Reset
signal, SYSRST, is released after the POR and PWRT
delay times expire.

The time at which the device actually begins to execute
code will also depend on the system oscillator delays,
which include the Oscillator Start-up Timer (OST) and

TABLE 7-2: OSCILLATOR SELECTION vs. the PLL lock time. The OST and PLL lock times occur
TYPE OF RESET (CLOCK in parallel with the applicable SYSRST delay times.
SWITCHING ENABLED) The FSCM delay determines the time at which the
Reset Type Clock Source Determinant FSCM begins to monitor the system clock source after
- : - the SYSRST signal is released.
POR FNOSC Configuration bits
BOR (FNOSC<10:8>)
MCLR COSC Control bits
WDTO (OSCCON<14:12>)
SWR
TABLE 7-3: RESET DELAY TIMES FOR VARIOUS DEVICE RESETS
Reset Type Clock Source SYSRST Delay Systggac;lock Notes
POR®) EC TPOR + TPWRT — 1,2
FRC, FRCDIV TPOR + TPWRT TFRC 1,2,3
LPRC TPOR + TPWRT TLPRC 1,2,3
ECPLL TPOR + TPWRT TLOCK 1,2, 4
FRCPLL TPOR + TPWRT TFRC + TLOCK |1,2,3,4
XT, HS, SOSC TPOR+ TPWRT TosT 1,2,5
XTPLL, HSPLL TPOR + TPWRT TosT+ TLock |1,2,4,5
BOR EC TPWRT — 2
FRC, FRCDIV TPWRT TFRC 2,3
LPRC TPWRT TLPRC 2,3
ECPLL TPWRT TLOoCK 2,4
FRCPLL TPWRT TFRC + TLOCK |2, 3,4
XT, HS, SOSC TPWRT TosT 2,5
XTPLL, HSPLL TPWRT TFRC + TLOCK |2, 3,4
All Others Any Clock — — None
Note 1: TPOR = Power-on Reset (POR) delay.

2. TPWRT = 64 ms nominal if the Power-up Timer (PWRT) is enabled; otherwise, it is zero.

3:  TrRC and TLPRC = RC oscillator start-up times.

4: TLOocK = PLL lock time.

5:  TosT = Oscillator Start-up Timer (OST). A 10-bit counter waits 1024 oscillator periods before releasing the
oscillator clock to the system.

If Two-Speed Start-up is enabled, regardless of the primary oscillator selected, the device starts with FRC,

and in such cases, FRC start-up time is valid.

o

Note:  For detailed operating frequency and timing specifications, see Section 29.0 “Electrical Characteristics”. I
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REGISTER 8-13:

IPCO: INTERRUPT PRIORITY CONTROL REGISTER O

U-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— T11P2 T1IP1 T11PO — ocC1IP2 OC1IP1 OC1IPO
bit 15 bit 8
uU-0 R/W-1 R/W-0 R/W-0 u-0 R/W-1 R/W-0 R/W-0
— IC1IP2 IC11P1 IC1IPO — INTOIP2 INTOIP1 INTOIPO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 Unimplemented: Read as ‘0’
bit 14-12 T1IP<2:0>: Timer1 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled
bit 11 Unimplemented: Read as ‘0’
bit 10-8 OC1IP<2:0>: Output Compare Channel 1 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled
bit 7 Unimplemented: Read as ‘0’
bit 6-4 IC1IP<2:0>: Input Capture Channel 1 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled
bit 3 Unimplemented: Read as ‘0’
bit 2-0 INTOIP<2:0>: External Interrupt O Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)

001 = Interrupt is Priority 1
000 = Interrupt source is disabled

© 2008-2011 Microchip Technology Inc.
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13.0 TIMER2/3

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive refer-
ence source. For more information on
Timers, refer to the “PIC24F Family Refer-
ence Manual”, Section 14. “Timers”
(DS39704).

The Timer2/3 module is a 32-bit timer, which can also be
configured as two independent 16-bit timers with
selectable operating modes.

As a 32-bit timer, Timer2/3 operates in three modes:

» Two independent 16-bit timers (Timer2 and
Timer3) with all 16-bit operating modes (except
Asynchronous Counter mode)

+ Single 32-bit timer

+ Single 32-bit synchronous counter

They also support these features:

» Timer gate operation

» Selectable prescaler settings

» Timer operation during Idle and Sleep modes
* Interrupt on a 32-bit Period register match

» A/D Event Trigger

Individually, both of the 16-bit timers can function as
synchronous timers or counters. They also offer the
features listed above, except for the A/D event trigger
(this is implemented only with Timer3). The operating
modes and enabled features are determined by setting
the appropriate bit(s) in the T2CON and T3CON
registers. T2CON and T3CON are provided in generic
form in Register 13-1 and Register 13-2, respectively.

For 32-bit timer/counter operation, Timer2 is the least
significant word (Isw) and Timer3 is the most significant
word (msw) of the 32-bit timer.

Note: For 32-bit operation, T3CON control bits
are ignored. Only T2CON control bits are
used for setup and control. Timer2 clock
and gate inputs are utilized for the 32-bit
timer modules, but an interrupt is
generated with the Timer3 interrupt flags.

To configure Timer2/3 for 32-bit operation:

1. Set the T32 bit (T2CON<3> =1).

2. Select the prescaler ratio for Timer2 using the
TCKPS<1:0> bits.

3. Set the Clock and Gating modes using the TCS
and TGATE bits.

4. Load the timer period value. PR3 will contain the
msw of the value while PR2 contains the Isw.

5. Ifinterrupts are required, set the interrupt enable
bit, T3IE. Use the priority bits, T3IP<2:0>, to set
the interrupt priority.

While Timer2 controls the timer, the interrupt
appears as a Timer3 interrupt.

6. Setthe TON bit (= 1).

The timer value, at any point, is stored in the register
pair, TMR<3:2>. TMR3 always contains the msw of the
count, while TMR2 contains the Isw.

To configure any of the timers for individual 16-bit

operation:

1. Clear the T32 bit in T2CON<3>.

2. Select the timer prescaler ratio using the
TCKPS<1:0> bits.

3. Set the Clock and Gating modes using the TCS
and TGATE bits.

4. Load the timer period value into the PRx register.

5. Ifinterrupts are required, set the interrupt enable
bit, TXIE; use the priority bits, TxIP<2:0>, to set
the interrupt priority.

6. Setthe TON bit (TXCON<15> = 1).
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FIGURE 17-1: I2C™ BLOCK DIAGRAM
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FIGURE 19-2:

ALARM MASK SETTINGS

0010

0000 -
0001 -

0011 -

0100 -

0101 -

0110 -

0111 -

1000 -

1001 -

Alarm Mask Setting
(AMASK<3:0>)

Every half second
Every second

- Every 10 seconds

Every minute
Every 10 minutes
Every hour
Every day
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Every year(l)

Day of
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O OEOO00O OO

Month Day

C01/00]
O0/00]
O0/00]
C01/00]
O0/00]
C01/00]
O0/00]
101 /[e]le]
[m][m] /[a]fe]

Note 1: Annually, except when configured for February 29.
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FIGURE 22-3:

A/D TRANSFER FUNCTION

Output Code
(Binary (Decimal))

11 1111 1111 (1023)
11 1111 1110 (1022) 4

10
10
10
10
01
01
01

0000
0000
0000
0000
1111
1111
1111

00 0000 0001 (1)

0011 (515) -+
0010 (514)

0001 (513) +
0000 (512)

1111 (511) 4
1110 (510) +
1101 (509)

00 0000 0000 (0)

Voltage Level —p»

1024

1024
(VINH = VINL)

1023 * (VR+ — VR-)

VR- +
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23.0 COMPARATOR MODULE

Note:  This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive refer-
ence source. For more information on the
Comparator module, refer to the “PIC24F
Family Reference Manual”’, Section 46.
“Scalable Comparator Module”
(DS39734).

The comparator module provides two dual input
comparators. The inputs to the comparator can be
configured to use any one of four external analog
inputs, as well as a voltage reference input from either
the internal band gap reference, divided by 2 (VBG/2),
or the comparator voltage reference generator.

The comparator outputs may be directly connected to
the CxOUT pins. When the respective COE equals ‘1’,
the 1/0 pad logic makes the unsynchronized output of
the comparator available on the pin.

A simplified block diagram of the module is displayed
in Figure 23-1. Diagrams of the possible individual
comparator  configurations are displayed in
Figure 23-2.

Each comparator has its own control register,
CMxCON (Register 23-1), for enabling and configuring
its operation. The output and event status of all three
comparators is provided in the CMSTAT register
(Register 23-2).

FIGURE 23-1: COMPARATOR MODULE BLOCK DIAGRAM
CCH<1:0>
CREF —‘
EVPOL<1:0>
|
Trigger/Interrupt CEVT |
CXINB [X}— Input CPOL Logic COE
OXINC [K——  Select [ : B
Logic  [Vvint|, © - ' =
CXIND [X}—— c10UT
cout _ Pin
VBG/2 >
EVPOL<1:0>
|
Trigger/Interrupt CEVT
cPOL Logic COE
CXINA X]— VIN- [ X .
c2 e - X
VIN+ —
CVREF |X|— + C20UT
cout _ Pin
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25.0 CHARGE TIME
MEASUREMENT UNIT (CTMU)

This data sheet summarizes the features of
this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information on the
Charge Measurement Unit, refer to the
“PIC24F Family Reference Manual”,
Section 11. “Charge Time Measurement
Unit (CTMU)” (DS39724).

Note:

The Charge Time Measurement Unit (CTMU) is a
flexible analog module that provides charge measure-
ment, accurate differential time measurement between
pulse sources and asynchronous pulse generation. Its
key features include:

Four-edge input trigger sources

Polarity control for each edge source

Control of edge sequence

Control of response to edges

Time measurement resolution of one nanosecond
Accurate current source suitable for capacitive
measurement

Together with other on-chip analog modules, the CTMU
can be used to precisely measure time, measure
capacitance, measure relative changes in capacitance,
or generate output pulses that are independent of the
system clock. The CTMU module is ideal for interfacing
with capacitive-based touch sensors.

The CTMU is controlled through two registers:
CTMUCON and CTMUICON. CTMUCON enables the
module, and controls edge source selection, edge

FIGURE 25-1:

source polarity selection, and edge sequencing. The
CTMUICON register selects the current range of
current source and trims the current.

25.1

The CTMU module measures capacitance by
generating an output pulse with a width equal to the
time between edge events on two separate input chan-
nels. The pulse edge events to both input channels can
be selected from four sources: two internal peripheral
modules (OC1 and Timer1) and two external pins
(CTED1 and CTED2). This pulse is used with the mod-
ule’s precision current source to calculate capacitance
according to the relationship:

LV
dT

Measuring Capacitance

I=C

For capacitance measurements, the A/D Converter
samples an external capacitor (CAPP) on one of its
input channels, after the CTMU output's pulse. A
precision resistor (RPR) provides current source
calibration on a second A/D channel. After the pulse
ends, the converter determines the voltage on the
capacitor. The actual calculation of capacitance is
performed in software by the application.

Figure 25-1 displays the external connections used for
capacitance measurements, and how the CTMU and
A/D modules are related in this application. This example
also shows the edge events coming from Timer1, but
other configurations using external edge sources are
possible. A detailed discussion on measuring capaci-
tance and time with the CTMU module is provided in the
“PIC24F Family Reference Manual”.

TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR
CAPACITANCE MEASUREMENT

ANX&
ANY
CAPP ™ RPR

Timer1 |

- cmmu
| EDG1 Current Source:
| EDG2 |
Output Pulse

1

PIC24F Device
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29.1 DC Characteristics

FIGURE 29-1: PIC24F16KA102 FAMILY VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)
3.60V - 3.60V
3.00V P~ 3.00v

a
a I
2 | I
()
g 1.80V | | |
S | | |
| |
I | |
I | .
0 | | | |
0 8 MHz 16 MHz 24 MHz 32 MHz
Frequency (MHz)
Note: For Industrial temperatures, for frequencies between 8 MHz and 32 MHz,
FMAX = (20 MHz/V) * (VDD — 1.8V) + 8 MHz.

FIGURE 29-2: PIC24F16KA102 FAMILY VOLTAGE-FREQUENCY GRAPH
(INDUSTRIAL, EXTENDED)

3.60V ; 3.60V

300V 4 — — — — — = - —l_3.00v
— |
§ | |
Py ' |
2 180V | | |
E | | |
| |
| | |
| | |
0 I i I i

0 8 MHz 16 MHz 24 MHz 32 MHz

Frequency (MHz)

Note: For Extended temperatures, for frequencies between 8 MHz and 24 MHz,
Fmax = (13.33 MHz/V) * (VDD — 1.8V) + 8 MHz.
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TABLE 29-13: COMPARATOR DC SPECIFICATIONS

Operating Conditions: 2.0V < VDD < 3.6V
Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended

PaNr:m Symbol Characteristic Min Typ Max Units Comments
D300 |VIOFF Input Offset Voltage* — 20 40 mV
D301 Vicm Input Common Mode Voltage*® 0 — VDD \
D302 CMRR Common Mode Rejection 55 — — dB
Ratio*

* Parameters are characterized but not tested.

TABLE 29-14: COMPARATOR VOLTAGE REFERENCE DC SPECIFICATIONS

Operating Conditions: 2.0V < VDD < 3.6V
Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended

Pilrc?m Symbol Characteristic Min Typ Max Units Comments
VRD310 | CVRES Resolution \VVDD/24 — VDD/32 LSb
VRD311 | CVRAA Absolute Accuracy — — AVDD-15 | LSb
VRD312 |CVRUR | Unit Resistor Value (R) — 2k — Q

TABLE 29-15: INTERNAL VOLTAGE REFERENCES

Operating Conditions: 2.0V < VDD < 3.6V
Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended

Pilr:m Symbol Characteristic Min Typ Max Units Comments
VBG Internal Band Gap Reference 1.14 1.2 1.26 \%
TIRVST | Internal Reference Stabilization Time — 200 250 us

TABLE 29-16: CTMU CURRENT SOURCE SPECIFICATIONS

Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)
DC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pilrc?m Sym Characteristic Min Typ(l) Max Units Conditions
lout1 |CTMU Current Source, — 550 — nA CTMUICON<1:0>=01
Base Range
lout2 |CTMU Current Source, — 5.5 — pA  [CTMUICON<1:0> =10
10x Range
lout3 |CTMU Current Source, — 55 — pA  [CTMUICON<1:0> =11
100x Range

Note 1: Nominal value at the center point of the current trim range (CTMUICON<7:2> = 000000).
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TABLE 29-28: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER

AND BROWN-OUT RESET TIMING REQUIREMENTS

Standard Operating Conditions: 1.8V to 3.6V
unless otherwise stated
AC CHARACTERISTICS éperating temperature -4)10°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pzrgm Symbol Characteristic Min. | Typ® | Max. | Units Conditions
SY10 |TmcL |MCLR Pulse Width (low) 2 — — us
SY11 | TPwWRT | Power-up Timer Period 50 64 90 ms
SY12 |TPOR Power-on Reset Delay 1 5 10 us
SY13 |[Tioz /0 High-lmpedance from MCLR — — | 100 | ns
Low or Watchdog Timer Reset
SY20 |TwoT Watchdog Timer Time-out Period | 0.85 1.0 1.15 ms | 1.32 prescaler
3.4 4.0 4.6 ms | 1:128 prescaler
SY25 |TBOR Brown-out Reset Pulse Width 1 — — us
SY35 |Trscm | Fail-Safe Clock Monitor Delay — 2 2.3 us
SY45 |TRsT Configuration Update Time — 20 — us
SY55 |TLock |PLL Start-up Time — 1 — ms
SY65 |TosTt Oscillator Start-up Time — 1024 — | Tosc
SY75 |TFRC Fast RC Oscillator Start-up Time — 1 1.5 us
SY85 |TLPRC |Low-Power Oscillator Start-up — — 100 us
Time
Note 1: Data in “Typ” column is at 3.3V, 25°C unless otherwise stated.
FIGURE 29-8: BAUD RATE GENERATOR OUTPUT TIMING
BRGx +1*Tcy TLw THW
Z : |
BCLKx | L L LI

TBLD —» — |

<«— TBHD

UXTX X
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FIGURE 29-18:

SPIx MODULE MASTER MODE TIMING CHARACTERISTICS (CKE =1)

SCKXx

SCKx
(CKP =1)

SDOx

SDIx

' SP36

(CKP =0) !

SP11 . T SP10 .

—n' - —

-—

20

TABLE 29-37: SPIx MODULE MASTER MODE TIMING REQUIREMENTS (CKE = 1)

Standard Operating Conditions: 2.0V to 3.6V
(unless otherwise stated)
AC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pilrglm Symbol Characteristic Min Typ® Max Units | Conditions

SP10  |TscL SCKx Output Low Time@ Tey/2 — — ns
SP11  |TscH SCKx Output High Time® Tev/2 — — ns
SP20  |TscF SCKx Output Fall Time® — 10 25 ns
SP21  |TscR SCKx Output Rise Time®) — 10 25 ns
SP30 |TdoF SDOx Data Output Fall Time® — 10 25 ns
SP31 |TdoR SDOx Data Output Rise Time® — 10 25 ns
SP35 TscH2doV, |SDOx Data Output Valid after — — 30 ns

TscL2doV |SCKx Edge
SP36 TdoV2sc, |SDOx Data Output Setup to 30 — — ns

TdoV2scL |First SCKx Edge
SP40 TdiV2scH, |Setup Time of SDIx Data Input 20 — — ns

TdiV2scL |to SCKx Edge
SP41 TscH2diL, |Hold Time of SDIx Data Input 20 — — ns

TscL2diL |to SCKx Edge
Note 1: Data in “Typ” column is at 3.3V, 25°C unless otherwise stated. Parameters are for design guidance only and

are not tested.

2: The minimum clock period for SCKx is 100 ns. Therefore, the clock generated in Master mode must not
violate this specification.
3: Assumes 50 pF load on all SPIx pins.
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28-Lead Plastic Quad Flat, No Lead Package (ML) — 6x6 mm Body [QFN]

with 0.55 mm Contact Length

http://www.microchip.com/packaging

Note: For the most current package drawings, please see the Microchip Packaging Specification located at

C1

W2

| |
| |
| |
l | | }|:| |:| |:| |:| |:| |: | | E
c2 [ ] ] [ G
i — "
L] L]
X1 ——‘ ———
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN [ NOM | MAX
Contact Pitch E 0.65 BSC
Optional Center Pad Width W2 4.25
Optional Center Pad Length T2 4.25
Contact Pad Spacing C1 5.70
Contact Pad Spacing C2 5.70
Contact Pad Width (X28) X1 0.37
Contact Pad Length (X28) Y1 1.00
Distance Between Pads G 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2105A
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